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Microdialysate Metabolites Before, During and After Vascular
Surgery for Chronic Leg Ischaemia
C. Metzsch, C. J. F. Lundberg, P. Danielsson and L. Norgren
Lund University, Sweden
Objective: to investigate peripheral metabolism in the leg during bypass surgery for chronic ischaemia.
Patients and Methods: in eight patients, microdialysis catheters were placed in the anterior and posterior tibial muscles,
subcutaneously in the leg and, for reference, subcutaneously in the pectoral region. Tissue glucose, glycerol and lactate
levels were measured between induction of anaesthesia and the first postoperative day.
Results: glucose levels increased postoperatively at all four sites. Glycerol levels decreased during the day of surgery.
Glycerol was significantly lower in the leg than in the pectoral region. Muscle lactate increased after anaesthesia, but before
proximal clamping, and no further significant intra-operative increase was observed. Post-operatively, lactate decreased
to baseline levels. Subcutaneous lactate levels followed the changes observed in muscle but did not reach statistical
significance.
Conclusion: bypass surgery for chronic ischaemia temporarily worsens ischaemic metabolism in the leg.
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Introduction
Microdialysis allows intramuscular and subcutaneous
extracellular metabolism to be continuously moni-
tored at the bedside.1±3 The aim of the present study
was to use microdialysis to assess such metabolism
before, during and after revascularisation in patients
with chronic leg ischaemia.
Material and Methods
Ethics Committee approval and informed consent was
obtained. Eight patients with chronic leg ischaemia
undergoing distal bypass procedures were studied.
Three patients were in Fontaine's class IV, three in
class III, and two patients in class II. The ankle:
brachial pressure index (ABPI) varied from unmea-
sureable to 0.67. Three patients had previous ipsilat-
eral revascularisation and seven patients had present
or previous contralateral ischaemia (Table 1).
Patients fasted overnight. Microdialysis catheters
were inserted early on the day of surgery. A 2.5%
glucose infusion, running at 1 ml/kg/h, was com-
menced prior to arriving in the operating room. Two
patients had general, three had epidural and three had
both general and epidural anaesthesia. The patients
were kept in bed until the first postoperative morning.
Four patients had a femoro-popliteal bypass with
the great saphenous vein in situ, one had a femoro-
popliteal bypass with a reversed great saphenous
vein, one had a femoro-popliteal bypass with a ePTFE
graft, one had a femoro-tibial (anterior) bypass with
Table 1. Patient and procedure data.
Age (years) 73 (66±82)
Weight (kg) 76 (55±101)
Diabetes mellitus 2
Ischaemic pain at rest (stage III) 3
Ischaemic skin lesions (stage IV) 3
Preoperative ABPI 0.42 (0±0.67)
Duration of surgery (min) 257 (190±365)
Time from initial clamping to final graft
release (min)
114 (64±210)
Graft blood flow after reconstruction (ml/min) 98 (15±160)
Ankle brachial blood pressure index
at one month
0.85 (0.47±1 19)
Data presented as mean values and ranges, or number of patients.
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the great saphenous vein in situ, and one had an
in situ femoro-tibial (posterior) vein bypass from an
existing femoro-popliteal PTFE graft. Three patients
required thrombo-endarterectomy of the common
femoral artery. No other additional procedures were
necessary.
Microdialysis catheters with a 30 mm membrane,
and a molecular cut-off at 20 kDa (CMA 60) (CMA
Microdialysis AB, Stockholm, Sweden), were inserted
under local anaesthesia (1 ml 1% lidocaine) using a
steel stylet into the subcutaneous tissue, one on the
distal, lateral aspect of the operated leg, and one cath-
eter in the ipsilateral pectoralis region. Two catheters
were also placed intramuscularly as distal as possible
in the anterior tibial and posterior tibial muscles. The
catheters were perfused with a physiologic perfusion
fluid (CMA standard perfusion fluid). The microdia-
lysate collection started after 1 h of stabilization, and
continued for 24 h. The microdialysates were analysed
for glucose, glycerol and lactate contents by enzymatic
and colorimetric methods (CMA 600 Microdialysis
Analyser).
Analysis of variance supplemented with Dunnet's
test, and the Mann±Whitney non-parametric test
were applied to the microdialysis data. Values are
presented as mean standard error of the mean in
the figures and mean standard deviation in Table 2.
A p-value less than 0.05 was considered significant.
Results
Surgery was successful in seven cases (graft blood
flow 40±160 ml/min), while in one case a blood flow
of only 15 ml/min was achieved. At 1 month, ABPI in
seven patients was 0.85 (0.47±1.19) and one major
amputation had been performed. The course of micro-
dialysate metabolites during the day of surgery are
presented in Figure 1 and Table 2. Glucose increased
significantly in all three locations during the day of
surgery. Before clamping, the glucose levels in the leg
were significantly higher than the reference level in
the pectoralis region. The subcutaneous pectoral gly-
cerol and intramuscular glycerol levels were signifi-
cantly lower than baseline on the first postoperative
morning. The subcutaneous glycerol in the leg chan-
ged according to the same pattern, but the change did
not reach statistical significance. The glycerol levels in
the leg were significantly lower than in the pectoralis
region. Intramuscular lactate in the leg increased sig-
nificantly even before clamping. During surgical
ischaemia the level was significantly higher than base-
line, and significantly higher than the reference value.
No significant changes were observed in the subcuta-
neous lactate level in the leg, although the curve
followed the same pattern as the muscle lactate level.
After reperfusion the lactate levels decreased to or
below the initial baseline value.
Table 2. Perioperative microdialysate metabolite alterations.
SC Pectoralis SC Leg IM Leg
Glucose
Before anaesthesia 4.84 1.71 5.60 1.27 5.38 1.40
Mean before clamping 4.02 1.81 5.45 1.31y 4.92 1.23y
Last value before clamping 4.18 1.83 5.10 1.73 4.57 1.47
During surgical ischaemia 4.49 1.75 4.94 1.63 4.28 1.29
Reperfusion, 0±2 h 5.22 1.20 5.47 1.30 4.66 1.28
Reperfusion, 2±8 h 5.89 1.21 6.37 1.30 5.62 1.14
Next morning 6.17 1.26 6.511.18 6.12 1.18
Glycerol
Before anaesthesia 354.6 225.6 104.6 34.1y 103.8 32.6y
Mean before clamping 381.0 208.9 100.8 39.0y 110.1 40.5y
Last value before clamping 340.6 202.6 117.6 62.5y 131.4 55.2y
During surgical ischaemia 301.3 170.2 128.1 90.3y 131.6 70.5y
Reperfusion, 0±2 h 256.3 165.9 106.4 73.5 100.2 57.2y
Reperfusion, 2±8 h 236.7 127.8 85.7 54.2y 71.4 30.6y
Next morning 248.0 141.8 73.0 55.8y 62.2 44.3y
Lactate
Before anaesthesia 2.511.09 2.75 1.72 2.68 1.35
Mean before clamping 2.611.27 2.78 1.50 3.25 1.50
Last value before clamping 2.63 1.31 3.39 2.47 4.00 2.85
During surgical ischaemia 2.46 1.03 3.70 2.65 4.30 2.51y
Reperfusion, 0±2 h 2.73 0.97 2.90 2.39 3.97 2.47
Reperfusion, 2±8 h 2.53 1.17 2.22 1.12 2.90 1.74
Next morning 1.72 0.44 1.99 0.89 2.46 0.85
Data presented as mean SD.Compared to baseline (Dunnet's test), p5 0.05.
{Compared to the corresponding value in the subcutaneous pectoralis region (Mann±Whitney testing), p5 0.05.
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Discussion
In this study we present the course of extracellular
metabolism during peripheral vascular reconstruc-
tive surgery for chronic leg ischaemia. The obtained
microdialysate contents represent extracellular
concentrations of metabolites, while intracellular
metabolism is only indirectly reflected with this tech-
nique. It is important to remember that the metabolic
activity can be influenced by factors such as the sym-
pathetic nervous system, circulating and metabolically
active hormones and alterations in tissue blood flow.
Fig. 1. Mean microdialysate metabolite concentration during the day of revascularisation for chronic leg ischaemia (/ÿ SEM).
BA: before anaesthesia; BS: before surgery; IS: during initial surgery; C: time of first arterial clamping; 30: 30 min of vascular surgery; 60:
60 min of vascular surgery; R: time of final graft release; 0.5 h: 30 min of reperfusion; 1 h: 1 h of reperfusion etc; NM: next morning.
440 C. Metzsch et al.
Eur J Vasc Endovasc Surg Vol 25, May 2003
Glycerol
0 ,0
0 ,1
0 ,2
0 ,3
0 ,4
0 ,5
0 ,6
BA BS IS C 3
0 60 R
0.
5h 1h 2h 3h 4h 5h 6h 7h 8h 9h 10
h
N
M
m
m
o
l/l
S C   
S C   
IM   
Glucose
0
1
2
3
4
5
6
7
8
BA BS IS C 3
0 60 R
0.
5h 1h 2h 3h 4h 5h 6h 7h 8h 9h 10
h
N
M
m
m
o
l/l
S C   
S C   
IM   
Lactate
0
1
2
3
4
5
6
BA BS IS C 3
0 60 R
0.
5h 1h 2h 3h 4h 5h 6h 7h 8h 9h 10
h
N
M
m
m
o
l/l
S C   
S C   
IM   
Pectoralis
Leg
Leg
Pectoralis
Leg
Leg
Pectoralis
Leg
Leg
Thus, the interpretation of extracellular metabolite
alterations obtained with the microdialysis technique
is multifactorial and complex. Glucose levels
increased in all tissues during the day of surgery,
probably due to a perioperative, neuro-endocrine
stress response associated with insulin resistance.4
Interestingly, the pectoral glucose levels decreased
and were significantly lower than in the leg early
during surgery, possibly because of a higher metabolic
activity. Though not reaching statistical significance
the glucose levels in the leg catheters decreased dur-
ing surgery until reperfusion while at the same time
the trend was an increase in the reference catheter in
the pectoralis region.
Tissue glycerol changes are often considered an
index of lipolysis.1,5 Glycerol levels were significantly
higher in the pectoral adipose tissue than in the leg.
Subcutaneous thoracic and abdominal lipolytic activ-
ity is probably higher than in peripheral tissue.6 The
pectoral levels also varied during surgery, and had
decreased significantly the next morning. The high
pectoral glycerol level on the morning of surgery is
likely to reflect lipolytic activity and can be explained
by an existing circadian rhythm in lipid mobilisation,7
overnight fasting or preoperative mental stress.8
Surgery induces a sympatho-adrenal response with
subsequent lipolytic activity.9,10 However, no major
perioperative glycerol increases were observed. This
can be explained by distal bypass surgery not being an
extensive surgical procedure, and the fact that six
patients had epidural analgesia that may have limited
the metabolic tissue response.11
In comparable studies of intramuscular lactate
levels in healthy subjects,12,13 the baseline levels were
lower than the lactate levels found in the present
study suggesting a chronically restricted blood flow
to the affected limb. During the initial stages of sur-
gery, intramuscular lactate increased significantly in
the leg even before any vascular clamping. Since lac-
tate only increased slightly more during clamping, the
initial lactate increase probably reflected an imminent
and persisting ischaemia. Several factors may explain
the early pre-clamp lactate increase; however, the
study was not designed to identify such factors. An
example is the sterile preparation where the affected
leg is lifted for 5±10 min and vigorously washed with
cold solutions probably with subsequent cooling and
perhaps vasoconstriction, often during initial anaes-
thesia when the perfusion pressure is reduced; this
procedure per se might induce blood flow reductions
to the limit of ischaemia in a compromised leg. Leg
lifting in patients with critical limb ischaemia studied
with microdialysis has been shown to induce an
increase in muscle lactate.3 The limited further lactate
increase in the muscle during proximal vascular
clamping is most likely due to existing collateral
blood flow. Other explanations might be a precondi-
tioning effect, or chronical adaptation to ischaemic
metabolism. It has been shown that patients with
aortic occlusive disease have lower iliac venous blood
lactate levels during aortic clamping than patients
with abdominal aortic aneurysms without signs of
distal occlusive disease.14
A secondary purpose with our study was to reveal
any differences between the two intramuscular cathe-
ters indicating regionally different responses to revas-
cularization or evidence of a steal-phenomenon. Such
findings were recorded in two patients in whom lac-
tate increased in one muscle compartment after revas-
cularisation of the other compartment.
In summary, markers of tissue ischaemia, such as
extracellular lactate, may incease in affected limbs in
the perioperative period even before reconstructive
surgery is started. In this setting the on-line micro-
dialysis technique provides a potential tool to estimate
tissue ischaemia and variations in reperfusion bet-
ween different compartments after revascularisation.
Together with standard blood flow measurements,
microdialysis may prove to be of value to determine
the immediate outcome of vascular surgery.
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